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Abstract

ASHRAE Standard 152P (Method of Test for Determining the Design and Seasonal
Efficiencies of Residentia Thermal Distribution Systems) includes default values for many
of the input parameters required to calculate delivery system efficiencies. These default
values have several sources: measured field data in houses, laboratory testing, smple heat
transfer analyses, etc. This paper will document and discuss these default values and their
sources for forced air systems.

1 Introduction

Proposed ASHRAE Standard 152P is a method of test for estimating the efficiency of
HVAC energy distribution within residential buildings. In order to be of use to as wide an
audience as possible, it contains default values for many of the parameters used in the
calculation procedure. The default values were chosen to represent typical values so that
they can be used in distribution system design. 152P includes forced air, hydronic, electric
and refrigerant systems. This paper concentrates on forced system defaults, but the
defaults for design and seasonal temperatures apply to all system types.

2 Design and Seasonal Temperatures and Enthalpies

One of the key parameters used in the standard is the outside temperature because it
determines the temperature that distribution systems outside the conditioned space are
exposed to. The following calculations provide a method for determining appropriate
seasonal outdoor temperatures (and enthalpies for cooling calculations) from design
outdoor temperatures. This method uses hourly weather data, weighted by system
ontime, to determine seasonal conditions. The length of the season is determined by the
number of Heating Degree Days (HDD) or Cooling Degree days (CDD).

2.1. Design Temperatures

Design temperatures for 152P are taken from the ASHRAE Fundamental s Handbook.

The handbook gives heating season dry bulb and cooling dry and wet bulb design
temperatures. The design values are 2.5% of the heating and cooling seasons. The
Heating season is December, January and February (2160 hours) and the cooling season is
June through September (2928 hours).

2.2 Seasonal Temperatures
Rather than have the user of 152P determine seasonal weather conditions, the following
analysis provides a method of converting design conditions to seasonal conditions. This
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analysis determines the seasonal conditions from standard weather data files and
determines the average difference between seasonal and design temperatures. TMY
(NCDC (1980)) data of hourly temperatures were used to calcul ate seasonal temperatures
for heating and cooling seasons. These temperatures are weighted by indoor to outdoor
temperature difference so as to smulate system ontime weighting because distribution
system loss calculations require the temperature whilst the equipment is operating. It was
assumed that building load was proportional to indoor-outdoor temperature difference and
that system ontime was proportiona to building load. Three example locations were
chosen (Los Angeles, Atlanta and New Y ork) that cover a range of weather conditions.
The season length was determined by examining NOAA (1980) records for monthly
Heating Degree Days (HDD) and Cooling Degree Day (CDD) data. The criteriafor
determining the season were: from a base of 65°F (18°C), a heating month was assumed if
there were more than 150 HDD (in °F). Table 1 shows the results of these calculations.

For heating the indoor temperature was assumed to be 70°F (20°C). Averaging the three
locations gives a seasonal temperature 9°C (16°F) higher than the design temperature.

For cooling asimilar procedure to determine dry bulb did not work because most cooling
load aso depends on solar gains, and outdoor conditions rarely (if ever) produce a net
load on the building for the assumed indoor conditions (26°C (78°F), 45%RH).
Therefore, a cutoff outdoor temperature of 20°C (70°F) was used instead for averaging
outdoor conditions, i.e., al hours with an outdoor temperature above 20°C (70°F) were
averaged. Averaging the results from al three cities gives seasona dry bulb temperature
about 9°C (16°F) lower than design temperature.

2.3 Humidity Calculations
Rather than attempt to seasonally average the humidity conditions, the standard gives the
following specifications, and instructions and examples for calculating the enthalpy for
duct locations. This is because each duct location has different air surrounding it, thus
requiring a different enthalpy calculation. The philosophy for these calculations is to
assume that there are no sources or sinks for moisture and therefore the humidity ratios
are preserved in different duct locations and only the dry bulb temperature changes. It is
aso assumed that outdoor relative humidity is the same for design and seasonal
conditions.
For example, attics will have the same air as outside (in terms of water vapor content) due
to their relatively high ventilation rates, but the dry bulb temperature will be different,
however, ducts in basements or exterior walls will tend to have air from inside the building
surrounding them (again at a different dry bulb temperature). The source of the air (inside
or outside) determines the humidity ratio. Together with the design dry bulb temperature
this determines the design enthalpy conditions.
For seasonal conditions there are two calculation methods, depending on the duct
location:
1. Ducts exposed to outside air: The outdoor seasona relative humidity is assumed to be
the same as the outdoor design relative humidity. The outdoor seasonal humidity ratio
is then determined from this design RH and the seasonal dry bulb temperatures. This
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seasona humidity ratio is used with seasona duct location temperatures to calculate
the seasonal enthalpies at the duct locations.

2. Ducts exposed to indoor air: The indoor humidity ratio is calculated from the indoor
wet and dry bulb temperatures. This indoor humidity ratio is used together with the
seasonal dry bulb temperature at each duct location to calculate the enthal py.

3 Design and Seasonal Conditionsfor Distribution System L ocations

The temperatures of each distribution system location are determined relative to the
outdoor design temperature to capture climatological differences between building
locations. Design conditions are defined to be 2.5% of the season, where the season is as
defined in ASHRAE fundamentals Handbook (see section 2.1). The distribution system
locations in the standard can be found in Table 11.

3.1 Attics
Calculations are given for well vented and poorly vented attics. These base case
temperatures are then corrected for the presence of temperature mitigation factors: radiant
barriers, low emissivity exterior coatings and tiled roof systems. The attic temperatures
are based on measured attic data from three sources:

Source 1 - Parker et al. (1997)

Source 2 - Walker (1993)

Source 3 - Rose (1997)
These data were chosen because they cover a sufficient time period that seasonal
calculations could be made.

3.1.1 Source 1 Attic M easurements

Parker et a. (1997) have analyzed 25 houses in Florida (for summer cooling conditions).
10 Houses could be characterized as well vented attics, with design attic temperatures
12°C (22°F) warmer than outside. Four houses were not well vented and had attics 20°C
(36°F) warmer at design conditions. The results for the poorly vented attics are higher
than the source 2 and 3 results, due to different attic construction and solar gains.

For seasonal conditions, the source 1 data showed that poorly vented attics were about
10°F (6°C) hotter than outside and vented attics about 5.5°F (3°C) hotter. In addition,
white painted roofs averaged dightly cooler than ambient conditions.

3.1.2 Sour ce 2 Attic M easurements

Walker (1993) measured attic temperatures in two attics from 1990 to 1992.
Temperatures were measured in the attic air, joists, trusses, attic floor, and in four
locations in each pitched roof surface. Attic 1 had no intentional venting and Attic 2 had
soffit vents and mushroom cap vents to meet the 1:300 rule of thumb for ratio of vent area
to attic floor area. In addition, Attic 2 was equipped with a power fan ventilator for the
second winter of testing. More details can be found in Forest and Walker (1992), Forest
and Walker (1993), and Waker and Forest (1995). Only small differences (1°C (2°F))
were found between the two years results so they were averaged together here.
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The seasonal temperatures were selected to have ambient temperatures > 20°C and are
weighted by (20°C-ambient temperature) to simulate ontime weighting. The indoor
temperatures were not used for weighting because these houses had no cooling systems.
Table 2 summarizes the temperature differences between the attics and ambient
temperatures.

3.1.3 Source 3 Attic measurements

A building research laboratory with multiple attic test sections was used to monitor attic
performance with avariety of venting strategies, insulation, roof covering etc. The results
of tests for four of the test sections are summarized in Table 2.

3.1.4 Summary of Attic air temperaturesto be used in 152P

The attic temperatures to be used in 152P were determined by looking for consensus

between the above studies. The differences between the results are due to different solar

gains, venting arrangements, climates, and attic construction.

For heating, the source 2 and 3 results are close enough that choosing one or the other is

not significant. Also, the differencesin venting do not produce significant differencesin

temperature. Therefore, there is no differentiation between vented and unvented attics for
heating conditions.

For cooling, the following points summarize the rationale used to select appropriate

temperatures:

- Well vented attic, design conditions: The range of results was only 3°C (6°F), and the
source 1 and 2 results were in good agreement. Therefore the source 1 and 2 data
were chosen for this case.

Poorly vented attic, design conditions. In this case, the source 1 and 3 results were
the same, with the source 2 results significantly lower, so the source 1 and 3 results
were used.

WEell vented attic, seasonal conditions. The source 1 and 3 results were fairly close to
each other. Taking an average of these results gives attics that are 5°C (9°F) warmer
than ambient conditions. The source 2 result was significantly higher, presumably due
to differences in solar gain due to longer solar exposure times for northern climates.
Poorly vented attic, seasonal conditions: Like the well vented attic case, the source 1
and 3 results were fairly close to each other. Taking an average of these results gives
attics that are 8°C (15°F) warmer than ambient conditions. Again, the source 2 result
was significantly higher.

3.1.5 Summary of attic temperature mitigation methods

There are several methods of reducing summer attic temperatures in attics. The methods
given credit in 152P are Radiant Barriers (RB), low absorbtivity exterior coatings and the
use of tileroofs. In all cases the credit can only be applied to cooling conditions and to
well vented attics (vent area/plan area > 1/300). In addition, only RB’s that are truss
mounted receive credit due to possible longevity problems with attic floor RB’s. The
magnitude of the credit was initially determined for radiant barriers. The magnitude of the
other mitigation methods was then set equal to the RB credit for smplicity. The following
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sections show how the RB credit was determined and how close the other methods are to
the effect of RB’s.

3.1.5.1 Radiant Barrier effect on attic air temperatures and duct top surface
temperatures.
The following is a summary of some existing research and publications discussing radiant
barrier effects. The publications used here are listed in the bibliography. There are afew
RB performance effects about which almost all researchers and practitioners agree:
- For heating RB’s have a small effect and can be neglected.

For cooling, to have a significant effect, the attic must be well vented.

For duct surface temperatures to be reduced the RB must be between the ducts and

the roof.

RB’s at the underside of the roof are referred to as Truss Radiant Barriers (TRB).

It is assumed that foil backed roofing has the same effect as an independent RB. This

requires confirmation.
Most research has concentrated on the reduction of heat flow through ceilings rather than
attic temperature reduction. The heat flux data can be analyzed to determine the
equivaent attic air (or attic floor) temperature changes that would produce these changes
in celling heat transfer. Therefore, thisincludes reduction in both radiation and convection
heat transfer. X, the fractional reduction in ceiling heat flow is used in Equation 1 to find
the reduced attic temperature for supplies, tamns. X is calculated for both peak (design)
and average (seasonal) effects.

tamb,s = (- X)taticnors + Xtin (1)

where taicnors 1S the design or seasonal temperature, and t;, is the design indoor
temperature. The bibliography lists many useful references for RB effects. Here we will
use the results of Levins and Karnitz (1987). The temperature implied from the changesin
celling heat transfer is the effective temperature at the top of the insulation in the ceiling.
This temperature includes convection form the attic air and radiation from the other
interior attic surfaces and is the correct surface temperature to use for supply duct |osses.
For supplies:

The average ceiling heat flow (used for seasonal calculations) was reduced by 30%,

therefore X=0.30, and the effective ambient temperature for the supply ductsis:

tamb,s = O-7tatticn0RB + O-3tin (2)

The difference between design and seasonal conditions was found by looking at the
difference between peak and average heat flow for an RB on the attic floor because
this data was not available for the TRB case. The peak ceiling heat flow (used for
design calculations) was reduced by 39% with the attic floor RB. The average
reduction in ceiling heat flow with attic floor RB was 35%. Thisimplies a peak
reduction about 5% greater than the average reduction. Assuming we can apply the



LBNL 40588

same 5% reduction to the other RB results, means that for design conditions X=0.35,
and the effective ambient temperature for the supply ductsis:

tamb,s = 0-65tatticn0RB + O-'?’Stin (3)

The return losses are a combination of |eakage at the attic air temperature and conduction
losses at the combined air/radiation temperature used for supplies. The ambient
temperature for the return ducts (tan,,) 1S assumed to be an average of the changein air
temperature and the change in surface temperature due to radiation reduction. If we
assume equal contributions of leakage and conduction/radiation heat transfer, then we can
average the air temperature with the air/radiation surface temperature given above for the
supplies. The attic air temperature for a vented attic with an RB wastypically 3°C (5°F)
lower than without the RB.
For Returns:
For seasonal calculations:
17t +0.3t;, -
tamb,r = attlcnoRB2 0.3 in 3 (4)

For design calculations:

1.65t +0.35t;, - 3
tamb,r - attlcnoRB2 in (5)

3.1.5.2 Effect of low emissivity outer coatings:

The measurements presented by Rose (1992) showed approximately 2.5°C (5°F)
reduction in attic air temperature and 10°C (18°F) lower sheathing temperature for attics
with low absorbtivity exterior coatings. Parker et a. (1997) analyzed 25 housesin

Florida for summer cooling conditions. This data set contained seven houses with low
absorbtivity (<0.4) exterior coatings that averaged 1.4°C (3°F) lower attic temperatures
than outdoor air temperatures under design conditions. A single house was tested with
and without white painted shingles, and the design attic temperatures were changed from
10.5°C (19°F) warmer than outside to 1.8°C (3°F) cooler than outside.

The following example calculations were used to determine if the attic temperature
reductions from RB’ s above could aso be applied to reduced absorbtivity exterior
coatings by using Rose’ s resullts.

Given t,,=26°C (78°F) and to = 31°C (88°F), then Section 3.1.4 gives a seasondl
tatticnoRB:?AoC (930F) and desi gn tatticnoRB =43°C (1090 F)-

Using Equation 2 for seasonal conditions, we get: ty,—=32°C (90°F). Thisisa2°C (4°F)
reduction in seasonal temperature which seems reasonable compared to the results of Rose
and Parker et al. Using Equation 3 for design conditions, we get: tan,<=37°C (99°F).
Thisisareduction of 6°C (11°F) from tgicnore-

Additional datafrom Parker (1997), for seasonal temperatures in attics with tiled roofs or
white painted roofs showed temperature differences between the attic and outside of 2°C
(5°F) and 0°C (0°F) respectively. The change from unaltered attics was 0.5°C (1°F) and
3°C (5°F) respectively. Thisadditional data appears to agree fairly well with the changes
predicted in the example calculation given above.
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For the attic air temperature used for the return duct calculations in Equations 11 and 12,
the reduction of 3°C (6°F) of attic air temperature is close to the 2.5°C (5°F) reduction
measured by Rose, and so this correction for return temperature for RB’s can also be
applied to low emissivity outer coatings.

Given the uncertainty in the measurements, averaging procedure, geographical variations
etc., it is reasonable to use the same relationships (Equations 2 through 5) for both RB’s
and reduced emissivity exterior coatings.

3.1.5.3 Tile Roof Attic Measurements

Proctor (1997) looked at four houses in desert conditions (Nevada), and found that the
attics were not much warmer (4°C (8°F)) at design conditions and only 1°C (2.5°F)
warmer than outside over a season. These results imply that tile roofs should be given the
same attic temperature credit as radiant barriers.

3.2 Garage Temperatures

Garage temperatures were calculated using two different methods. The first method is
from an agorithm provided by Parker (1991). A simple empirical relationship was derived
to match the predictions of garage temperatures from a computer program. The garage
temperature is calculated from the indoor and outdoor temperatures and includes a 24
hour diurnal cycle aswell as correcting for the time of year for solar insolation effects. The
results of method one are given in Table 3.

The second method is also from Parker (1997) where measured outdoor and garage
temperatures for asingle garage in Florida were used to determine mean garage to

outdoor temperature differences for design conditions.

Calculation procedure for method 1:
garage median temperature [MED] = 0.813(T) + 0.360(Ty)
garage minimum temperature [MIN] = 0.645(To.) + 0.502(Tiy)
garage maximum temperature [MAX] = 0.950(T ) + 0.083(Ti,)
The garage temperature is then given by:
hour - PC)30
t garage = MED - (é-‘ﬁleD- M|N|cos?p( by )?,,Z

where hour is the time of day and PC is a phase correction, given by:

(6)

PC = 35+0.0192/182.5- JulianDate]

The measured data showed that the garage temperature is about 0.5 °C (1°F) warmer than
outside at cooling design conditions. For heating conditions, the garage is about 4°C
(7°F) warmer at design conditions. These measured values show smaller differences
between the garage and outside than the values given in Table 3. However, these
measured results are for a different climate, so direct comparisons are difficult. Because
the measured and predicted values are not too different thisis not critical.

For garages in 152P, the following values (based on the results of Method 1) are used:
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Heating Design : tgarage=tdesignt9°C (16°F)
Heating Seasonal : tgaage=tseasonat 7°C (13°F)
Cooling Design : tgaage=tdgesign + 3°C (5°F)
Cooling Seasonal : tgaage=tseasona + 5°C (9°F)

3.3 Basement Temperatures

Basement temperatures were cal culated from simple steady-state energy balances based on
thermal resistance (U) and surface area (A). The basement calculations are based on an
example basement where the house has a square plan 10m X 10m (33ft X 33ft). The
basement walls are 1.25m (4 ft) above grade and 1.25m (4 ft) below grade. The ceiling
area (Ac) is equal to basement floor area (Af) of 100 m? (1060 ft?). Above grade
basement area (Aa) = 50 m? (530 ft?). Below grade basement area (Ab)= 150m? (1600
ft%). For infiltration flows an effective UA is UAirimaion=24 for 0.35 ACH. Thisisthe
same as assumed for the house in 152P and is the minimum requirement for ASHRAE
Standard 62.

The basement temperature is given by a UA weighted average of its surroundings:

t - t inUC’A‘C+t deﬂgn(uaAa+ UAinf iItration)+t groundUbAb
basement UcAc + UaAa + UbAb

(7)

For the following cases, the appropriate values of A and U are used in the above equation.
The results have been simplified by converting to more rational fractions and removing
small terms.

3.3.1 Uninsulated basement
Uc=3.3W/m’C (R2) for 1 cm plywood, Ua=Ub=3.6 W/m’C (R2) for 20 cm (8 inches) of
concrete.

_ 3tjp + 5tground + 2tdesign
U basement = 10 (8)

3.3.2 Insulated basement celling
Uc=0.43 W/m?C (approximately RSI 2.5 (R15) insulation)

3t ground Flges gn
4

t hasement =

(9)

3.3.3 Insulated basement walls

The basement surface area is separated into walls below grade and the floor. Below grade
thereis 50 m? (530 ft?) wall with U=0.31 (based on R15 insulation plus the effect of the
ground around the foundation) and 100 m? (1060 ft?) of uninsulated floor with U=3.6
W/m?C (R2) for 20 cm (8 inches) of concrete. The uninsulated ceiling has Uc=3.3W/m’C
(R2) for 1 cm plywood.
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tin +1 round
U basement = + (10)

3.4 Crawlspace temperatures

Crawlspace temperatures are calculated the same way as the basement temperatures, using
simple steady-state energy balances. For crawlspaces, afloor plan of 10mX10m
(33ftX33ft) is used with a 1m (3.3ft) high crawlspace. The walls of the crawlspace and
the floor are made of plywood (approximately RSl 0.3 (R-2)). The U value (0.57
W/m?C (0.1 Btu/hft*°F)) for the dirt floor is from ASHRAE Fundamentals Handbook
(1985) p.23.15. Thisdirt floor U value isfor the heat transfer through a concrete floor on
the ground, but is used here for convenience for the crawlspace floor. The crawlspace
ventilation was assumed to be 1 ACH for an unvented crawlspace and 5 ACH for a vented
crawlspace. The vented crawlspace ventilation rate is based on the work of Palmiter and
Bond (1994). Note that for the crawlspace the ground temperature for basements was not
used because the top surface of the ground for a crawlspace is directly exposed to the
house and ambient conditions.

Uasin=57 W/°C (30 Btu/h°F), Uaner=330 W/°C (170 Btu/h°F), UAirfiitraion=28 W/°C (15
Btu/h°F), UAa1s=132 W/°C (67 Btu/h°F)

Then:
ti,(330) +t, (57 +28+132) 3t;, +2t
t —_In out » n out 11a
crawlspace 330+ 57 +28+132 5 (112)
At 5 ACH, UAixiitraion=140 W/°C (73 Btu/h°F)
tin(330) + oy (57 +140+132)  tj, +toyt
t - In out In ou 11b
crawlspace 330+57+140+132 . 2 (116)
With the crawlspace walls and the house floor insulated to RSI 2.5 (R-15):
UAf00=43 W/°C (22 Btu/h°F), UAa1s=17 W/°C (9 Btu/h°F)
tin(43) +toy (57 +28+17)  tip +3toyt
t — tin out in ou 12a
crawlspace 43+57+28+17 4 (122)
At 5 ACH, UArfiinaion=140 W/°C (73 Btu/h°F)
tin(43) + toyt (57 +140+17) iy +5t oyt
t — tin out in ou 12b
crawlspace 43+57+140+17 6 (120)
For crawlspaces with uninsulated walls, but the house floor is insulated:
tin(43) +tgy (57 +28+132) ti, +5tout
t — tin out in ou 13a
crawlspace 43+57+28+132 6 (139)
At5ACH:

43+57+140+132 9

3.5 Manufactured House Belly Pan Temper atures
Tyson et a. (1996) measured five houses with belly pan ductsin Alabama. Example
results show that the belly pan temperature is close to indoor conditions. Therefore, for
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duct calculations it is assumed that the belly pan temperature is the same as indoors.

Other computer model studies (Cummings (1996)) have shown that regain is high
(averaging 62%) for belly pan ducts. This reinforces the assumption of using indoor
temperature for belly pan ducts because a high regain implies good thermal

communication between inside and the belly pan compared to outside and the belly pan.
There may be substantial variations from this ssmple assumption due to the range of
insulation used in belly pans (approximately R-7 to R-33) and the relative airtightness of
the exterior of the belly to the interface between the belly and the house. These effects are
not included in the standard for simplicity and because more research needs to be done to
support a more complex calculation method.

4. Estimation of Ground Temper atures

An estimate of ground temperature is required for basement and crawl space temperature
calculations. A simple approach is to assume that the ground temperature is the average
outdoor air temperature for the year (The complex three dimensiona change in losses with
depth is beyond the scope of 152P). The depth at which thisis true depends on the
climate, so the variation of temperature with depth isignored. The average yearly
temperature is not typically known or used by building designers, nor isit readily available.
A first order approximation to the average yearly outdoor temperature would be to
average the summer and winter design conditions. Table 4 shows the average tyinter 2.5%
and tymmer 25% (the same design temperatures used in the rest of 152P) for 12 locationsin
the U.S. The design temperatures are taken from ASHRAE Fundamentals (1993) Chapter
24, Table 1. Average outdoor air temperature datais from NOAA (1980) and from TMY
(NCDC 1980) datafiles. This table shows that averaging tyinter 2.5% aNd tgummer.2.50 IVES
reasonable estimates for ground temperature. It gives average outdoor air temperatures
close to the averages from the NOAA and TMY data.

5. Default Duct Surface Area Estimation M ethod

The duct surface areas are those outside conditioned space and include plenum surfaces.
The duct surface area estimation method was based on measured field data from 69
systems. Extra details about these systems can be found in Andrews (1996), Jump,
Walker and Modera (1996) and Modera (1993). All duct surface areas are based on
outside diameter, which includes the insulation thickness. Only the single story houses are
used in thisanalysis. For these houses, all their ducts were exposed. The two story
houses had hidden ducts of unknown surface areain walls, chases and floor spaces.
Analysis of the two story houses indicated that they had about 30% less exposed duct
surface area for the same floor area. In 152P the fraction of exposed duct is a separate
input. Therefore this section concentrates on the total duct surface area which was only
available for the single story houses. This reduced the data set to 45 of the 69 houses.
The first parameter tested was the dependence of duct surface areaon floor area. As
expected, there was a strong correlation, with larger houses having larger duct systems.
To remove the dependence on size of house, all the supply duct surface areas (As) are
normalized by dividing by the house floor area (Asoor). Other parameters that were
considered in determining duct surface area were:

10
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Lo

Age of duct system (not always the same as house age).

Duct material type - Sheet metal or Flex duct

3. Equipment (furnace or A/C) location - Central or Outside wall (outside wall includes
garages).

4. Register location - either central or perimeter (with respect to floor plan).

Number of registers.

Duct system topology. Thisis determined by theratio (Y) of number of registersto

number of connections to the supply plenum. For 0<Y<1.5 the duct systemisan

“Octopus’ (i.e. it has dmost as many plenum connections as registers). For 1.5<Y <6

the duct system isa“Tree”, in which afew plenum connections split into branches to

each register. For Y>6 the duct system isa“Trunk” in which there are only one or

two plenum connections by large diameter ducts, which then have many smaller ducts

along their length. It was found that counting registers and connections in the above

manner is an effective method for characterizing duct topology, even though duct

topology does not influence duct surface area.

N

o o

A subset of 54 houses (it does not include Andrews houses), was used to determine which
of these parameters had a significant effect on the duct surface area. These 54 houses
include both one and two story houses. The evaluation was done by performing linear
regression between the parameter of interest and the duct surface area. For some of the
methods that showed little linear correlation, an average value of the duct surface areato
floor arearatio was calculated. The standard deviation of the average compared to the
average was then used to determine if a simple algebraic average value could be used asa
correlation. For system age, equipment location, register location and duct system
topology, the regression and averaging results were poor. Note that only supply duct
surface areas were examined because the returns are very smple in the duct systems
analyzed here. Table 5 summarizes the results.

5.1 Supply Duct Calculations
The parameters for surface areafrom Table 5 are:
Floor area.
Number of registers.
Duct material type - Sheet metal OR Flex duct
The supplies were anayzed three different ways:
1. The supply duct area depends on floor area, the number of registers, and the duct
material.
2. The supply duct area depends on the number of registers and floor area.
3. The supply duct area depends on floor area only.
These four options were rated by the average absol ute difference between the measured
duct surface area and the predicted duct surface area. This number gives the user an
estimate of the average uncertainty for predicting duct surface areafor an individual
house. In all the analysis procedures, the duct surface areais normalized by the floor area,
and it is the dependence of this ratio on the parameters discussed in points 1 to 4 above
that will be discussed. All the coefficients, mean differences and absolute mean differences

11
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are expressed in percentage points (the same units as the ratio of duct surface areato floor
area). In other words, the differences are not percentages of the measured value.

12
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5.1.1 Option 1

Equation 14 was used to determine AJAy oo as afunction of number of registers (Ngply)
and duct type - flex or sheet metal. The systems were split into two groups:

1. Flex duct

2. Sheet metal.

A

. [%] =A+ B(Nsupply) (14)
floor

where A and B were determined by least squares fitting to each group of measured data,

and are given in Table 6. The average absolute error (AE) was calculated using:

N
A [Measured - Pr edicted|

AE ==L 15
N (15)

where N is the number of houses in each group, Measured is the measured area, and
Predicted is found using Equation 14.

5.1.2 Option 2

The differentiation between duct types was removed so that the only parameters were
floor area and number of registers. The measured data were least squares fitted to a
Equation 14, resulting in the coefficientsin Table 6.

5.1.3 Option 3
This option just uses the mean measured values. Averaging all the systems (and removing
zero size systems for returns), gives the valuesin Table 6.

5.1.4 Supply Duct Summary
The resultsin Table 6 indicate that there is little reduction in prediction error by including
factors other than floor area alone.

5.2 Return Duct Surface Area

The returns for these houses are much simpler than the supplies. Therefore the number of
possible dependent parametersis much smaller. For example, duct system topology is
undefined for many return systems because they only have 1 or 2 return ducts. In
addition, 20 out of 69 systems had no return ducts. In these houses the return was
comprised of an air handler unit that was connected directly to the equipment. Two
options are examined below.

In 152P, the default duct areas are total duct areas. The returns for two story houses do
not include ducts inside the conditioned space, in walls or chases. To account for this,
152P uses the results for single story houses only for the defaults. The user of the
standard must then determine the fraction of this total in the various duct locations,
including inside conditioned space. Analysis of the two story systems indicates that about
40% of returns for two story houses are not exposed.
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5.2.1. Changing return duct surface area with the number of registers and number
of stories.
Equation 16 was used to describe the variation with number of registers and stories:

e (06 = O(N ) (16)

floor
A least squares fit to the measured surface areas gives C=5. The mean absolute error was
2.1. Notethat Ny isfor the duct part of asystem only. For furnaces connected
directly to areturn plenum the registersin the plenum are NOT counted in N;ern.
Therefore, systems having ONLY a plenum (or air handler stand) have N,g,n=0, i.e. NO
return surface area. Equation 16 has application limits due to the limited nature of the
data set used to develop the correlations. The largest number of returns for single story
houses was five. Any single story house with more than 5 returns should use five returns
in Equation 15 to determine duct surface area. Using more than 5 resultsin unrealistic
predictions.

6. Building Plan and Default system fan flow

6.1 Building Plan

The manufacturers fan flow rating specified in the building plansis reduced by 15%. This
is based on the field measurements made by various committee members.

6.2 Default

The default fan flow is a function of the floor area of the building such that alarger
building will have alarger fan flow (corresponding to bigger equipment and higher
building loads). From the houses studied by Jump et a. (1996) the measured fan flows
averaged 0.64 cfm/ft® (11m*/hour m?) for air conditioning (AC) and heat pump (HP)
systems. The large house to house variation means that no ssmple correlation with number
of stories, duct material, system topology etc. could be found. Therefore, smply using a
mean valueis sufficient. Note that 0.64 cfm/ft* (11m*hour m?) is much lower than the 1
cfm/ft? (18m*/hour m?) used in many energy calculations. This reflects poor installation
practices that restrict the system flows and dirty heat exchangers or filters. Thislower
value is also supported by data from surveys sponsored by the California Energy
Commission (private communication, April 1997) which used equipment manufacturers
specifications. These specifications gave an average of 0.77 cfm/ft® (14m*/hour m?). This
isdightly higher than the measured results but was not measured directly and so does not
take into account reductions in flow below manufacturers specifications due to poor duct
installation or system design.

7. Default Duct Leakage as a Fraction of Fan Flow

The bibliography lists references that discuss leakage flows as a fraction of fan flow. In
order to keep 152P calculations simple, and because any correlations of |eakage with other
house parameters are unclear, it is reasonable to choose a single leakage fraction for both
supply and return. Most of the references listed in the bibliography indicate |eakage rate
of 10% to 20% of fan flow, therefore it is reasonable to choose the value of 17% found by
Jump et al. (1996).
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8. Cyclic Losses

The impact of duct thermal mass on the energy delivered at the registersisincluded in the
building load factor used to calculate distribution efficiency. Thisimpact depends on the
materials used for the ducts. Results from simulations of an attic-only central plenum duct
system in Sacramento, CA for the month of January (Moderaand Treidler (1995)) have
been used to estimate the cyclic losses. Due to the limited range of duct system parameters
exercised in the simulations, the results are not sufficient to allow for acomplex cyclic loss
factor to be estimated. For smplicity, the correction is determined only as a function of
duct material. The correction to the delivery effectiveness is 2% for non-metallic (plastic
flex duct or duct board) ducts and 5% for sheet metal.

9. Duct and equipment interactions

9.1 Changesin equipment performance with reduced fan flows.

Reductions in equipment efficiency associated with duct-induced reductions in flow across
the heat exchanger are accounted for by the flow factor in 152P. The flow factor is a
simple reduction in equipment performance to encourage proper design procedures. An
8% reduction in equipment efficiency was found by Rodriguez et a. (1995) for flow
reduction of 15% (as used as the building plan default in 152P). This reduction of 8% in
equipment performance was for orifice control systems. Rodriguez et al. found that there
was little equipment performance change for TXV systems or furnaces when fan flows
were reduced. Therefore, for cooling Fo,=1.0 if designed according to ACCA (1997)
and Fq0,=0.92 for orifice control without duct system layout or design calculations. For
heating or TXV controlled cooling Fo,=1.0. This correction factor does not include the
effects of other potential flow reducing devices, such as electronic air filters, because it is
assumed that the HVAC system designer will account for this when sizing the system fan.

9.2 Variable Capacity Equipment

9.2.1 Delivery Effectiveness, DE

For design calculations it is assumed that the equipment is properly sized (e.g., using
ACCA manuals), and at design conditions the equipment should be operating in its high
capacity mode. Therefore, DE is calculated using the high capacity and matching system
fan flow for design conditions.

For seasonal conditions, system operation is partly at high capacity and partly at low
capacity. The fraction of time spent in high and low capacity modes to meet seasonal
loads was based on manufacturers specifications and HPSF and SEER calculation
methods. The DE was calculated for seasona temperature (and humidity) conditions for
both high (DE:) and low (DE) capacity modes. The seasona DE isthen aweighted
average of the high and low capacity results. The weighting is given by the fraction of
time (T) in each mode:

T +pEg, o (17)

D_E = DEhi
total Ttotal

For example, for atypical air conditioner:
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DE = DE,; 018+ DE,,0.82 (18)

Equation 18 indicates that DE,, dominates for seasonal calculations. The following
examples show that just using DE,,, rather than the weighted average suggested by
Equation 17, is acceptable.

For poor ducts: DE,=0.47, DE,;=0.40. DE =0.41

For typical ducts: DE;=0.63, DE;=0.56. DE =0.57

For good ducts: DE;=0.82, DE|;=0.79. DE =0.795

9.2.2 Distribution System Efficiency, hgig

In addition to the effect on DE shown above, an additional factor is required that accounts
for reduction of AFUE, SEER or HPSF equipment efficiency for seasonal calculations. At
design conditions the load factor is calculated for high capacity (and associated fan flow)
only. For seasonal conditions, however, the load factor must be calculated for both high
and low capacities and have the same weighting method as for DE in Equation 17. An
equipment factor, F, isused to account for poorer duct systems making the equipment
operate for alonger timein high capacity mode. The calculations below show how F is
estimated.

9.2.2.1 Derivation and example calculations for variable capacity equipment
efficiency derating factor F.

Equation 19 shows how the equipment efficiency, heqip, 1S determined from the high and
low capacity efficiencies, hy and h),, and the fraction of time the equipment operates at
hi gh capaC| ty, Thi/TtotaI-

T
=hy +T¢(hhi - hy) (19)

total

hequip

The duct losses change the ratio of Ty to T to be Thi
TtOtal duct

F.c s defined as the ratio of equipment efficiency with a duct system, hegip,duct, tO that

without (i.e., the rated equipment efficiency):

T
h hig + ™ (b - hyo)
£ = equipduct _ total guct (20)
Ve h. Ty
equip hio + = (hyi - i)

total
Theratio of Ty to Ta Changes with distribution system efficiency. The distribution of the
number of hours at a given building load are typically unknown. For simplicity, itis
assumed that the number of hours at each load is the same. This assumption makes the
problem linear, as shown in Equation 21.
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Thi

Ttotal

Tiota @

=1- DE?{- Thi 9 1)
duct

F.c can then be written in terms of T/ T @ Which the equipment was rated:

1+8 . ped. T %y 0
— é g Ttotal ﬁhlo 6
Thi @40
Ttotal ghlo

(22)

Fuc
1+

Calculation F, requires: the ratio of high to low capacity equipment efficiencies, the ratio
of T to Ty a which the equipment efficiency is specified, and the DE calculated in
152P. The effect of F,. increases with larger differences between high and low efficiency
and poorer duct systems.

For furnaces Tyi/ Ty IS typically 0.05 and hy; /h,=0.90. Using these values, Equation 22
can be smplified to:

Fyc =0.905+ 0.095DE (23)

For a good duct system, with DE = 0.90 thisresultsin F,=0.990. For apoor duct
system with DE = 0.60 then F,. = 0.96. These results shows that the furnaces are not very
sensitive to poor duct systems that increase the operating time at high capacity.

For AC systems the SEER rating procedure can be used to estimate the change in
equipment efficiency to account for the added load of duct losses. From available
manufacturer’ s data, the ratio of high capacity (Ex) to low capacity (E,) isabout 2. The
SEER rating method uses binned temperature data for climate zone 4 in rating equipment.
The number of hoursin each 5°F (2.5°C) bin from the 65°F (18°C) base to 105°F (41°C)
is specified. Assuming E meets the maximum load at 105°F (41°C) (a temperature
difference of 40°F (22°C)), then E,, meets the load at a temperature difference of 20°F
(12°C) or an outside temperature of 85°F (30°C). The number of hours at low capacity is
then found by adding up al the hours in the SEER distribution below 85°F (30°C). From
the SEER calculation procedure:

Tlo_ _ (65- 70)bin + (70- 75)bin + (75- 80)bin + (80- 85)bin
total

L =0.214+0.231+0.216+0.161=0.822
Ttotal

Therefore 1
total
The ratio of high to low capacity efficiencies (EER) can be found from manufacturers

data. Analyzing manufacturers output and consumption data to determine EER for high

@0.18.
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and low capacity givestypica EER,/EER,,@.8. Substituting these values into Equation
22 we get asimplified version for use with AC equipment:

Fvc =0.83+017DE (24)

This approximation to Equation 22 is very good (within one percentage point for F,c).

For heat pumps, the HPSF tests also use a bin temperature method. Because this
calculation is for heating, the bins and the distribution are different from the AC
calculations above. Using the same approximate factor of two between high and low
capacities (for cooling), and assuming that the heat pump will exactly meet the maximum
load at maximum temperature difference. The maximum temperature difference for
standard (zone 4) conditions is 65°F-(-10°F) = 75°F (42°C). At haf load (i.e. dl low
capacity operation) the temperature difference would be 75/2=37.5°F (21°C). The
difference between 65°F (18°C) and half load conditionsis 27.5°F (15°C). Adding up the
fraction of time in each bin up to 27.5°F (the nearest bin is 25-30°F) from HPSF rating
calculations:

T _ (65- 60)bin + (60- 55)bin + (55- 50)bin + (50 - 45)bin
total
+(45- 40)bin + (40- 35)bin +(35- 30)bin + (30- 25)bin

L =0.132+0.111+ 0.103+ 0.093+ 0.100 + 0.109 + 0.126 + 0.087 = 0.861
total

Therefore i @0.14 .

total
Using the same EER; and EER|, ratio asfor AC, we can substitute this value of T/ Tiota
into Equation 24 to get asimplified version:

Fyc =0.82+ 018DE (25)

Given how close the AC and HP results are (Equations 24 and 25) the same relationship
can be used for these pieces of equipment.

For heat pumps using strip heat in high capacity mode, the EERy; to EER, ratio can be
estimated by assuming that EERy; =1.0 (by definition for electric resistance heat), and by
assuming EER,, = 2.5. Substituting these values into Equation 22 gives:

F. =044+ 056DE (26)

This shows how the use of strip heat has a significant impact on heat pump performance.
Duct losses (reflected by reduced DE) force the system to operate with the strip heat on
(with associated low EER) and results in much reduced heat pump performance.

9.3 Summary of duct and equipment interactions
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Table 7 summarizes the duct and equipment interactions. In Table 7, hi cap and lo cap
refer to the use of high or low equipment capacity and the corresponding fan flow ratesin
152P calculations. Note that fan flow effects must still be combined with these variable
capacity effectsto get the total equipment factors for 152P.

10. Thermal Regain

The reduction in building load due to regain of duct losses by means of reduced duct zone
temperature differentials is based upon the relative thermal resistances of the buffer-
space/conditioned-space interface and the total thermal resistance of the buffer-space. The
thermal regains are caculated from the following relationship:

= - UA

= 27)
regan UAtotaI

where UA. is the UA value for the interface between the conditioned space and the buffer
gpace, and UAqa is the total UA vaue for the buffer space. These UA vaues include
therma conduction acrossthe interface and air infiltration.

10.1 Attics

Duct losses will change the temperature of the surroundings in such away that duct losses
may be reduced due to the ambient air being closer to the duct temperature. Thiswas
included in the thermal regain effect by including the UA of the duct system in the regain
calculations. This UA should include both conduction and leakage effects, but for
simplicity only conduction losses are included in these example calculations. In addition,
this analysis will look at supply conduction only because thisis the dominant source of
conduction losses. The magnitude of the change in attic temperatures due to duct losses
can be seen in the houses tested by Jump et a. (1996). The effect is most clearly seenin
heating mode with a 3°C (5°F) increase in attic-outside temperature difference after the
ducts were retrofitted.

As afirst estimate of the thermal regain factor including reduced duct losses, the UA of
the ducts is combined with the UA of the ceiling. The duct surface area is assumed to be
27% of floor area (152P default for a single story) with either R4 or R6 insulation.

The following example calculation shows how the éttic regain factors were estimated.
The attic has plywood sheathing approximately R2 (RSI 0.3) and a 1:1 pitch, 10m X 10m
(33ft X 33ft) floor area, R30 (RSl 5) ceiling gives an equivalent U value of 0.2. The UA
values are:

UA iling=100 x 0.2=20 W/k (10 Btu/h°F)

UAqu=celling areax 0.27% x RSl 1=100 x 0.27 x 1 = 27 W/k (14 Btu/h°F)
UAatticederior:640 W/k (330 BtU/hoF)

UAirfiiration = Cpar X Attic Volume x ACH/3600 = 1000 x 250 x ACH/3600

At 1 ACH, UAixfiitraion = 69 W/k (36 Btu/h°F). It isassumed that all the infiltration isto
outside.
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E _ UAceiling +UA guet 20+ 27
3 =

egain = =0.06
UAceiling + UAduct + UAatticexterior + UAinfiltrati on 20+27+640+69

(28)
This calculation was repeated for arange of celling and duct insulation and attic
ventilation rates and the results are summarized in Table 8. The resultsin Table 8 show
that aregain factor of 0.10 istypica (in the middle of the range) and so this will be used as
Fregain fOr the attic in 152P.

10.2 Garages

The example calculation garage is 2.5m (8ft) high with afloor plan of 7m X 5m (23ft X
16ft) (double garage) with one wall attached to the house (5m X 2.5m (16ft X 8ft) ,
insulated to R15 (RSI 2.5)) and the other walls are plywood (R2 (RSl 0.3)). Assuming 1
ACH ventilation rate gives Fegin=0.02. With R4 (RSI 0.6) walls, Fregin increases to 0.03.
These calculations for garages are dominated by the large uninsulated surface are of the
garage, and the fact that the wall between the garage and the house is insul ated.

If the house to garage wall is not insulated and all the garage walls are R4 (RS 0.3), then
Fregain PECOMes 0.11. Given this wide range of Fregin (0.02 to 0.11) and the small
magnitudes, a middle value of Fre:in=0.05 isused in 152P.

10.3 Crawlspaces

Asfor the attic, the crawlspace walls are assumed to be plywood that is approximately R-
2 (RSl 0.3). Thefloor of the house is also assumed to be of plywood of the same
thickness. The crawlspace walls are 1m (3.3 ft) high. The U value (0.57 W/m?°C (0.1
Btu/hft®*F)) for the dirt floor is the same as for crawlspace temperature calculations in
Section 3.4. Table 9 summarizes the calculated crawlspace regain factors for a range of
insulation locations and crawlspace infiltration rates. Adding duct losses to crawlspace
regain did not significantly change the regain factors (unlike for attics).

10.4 In/Under slab ducts

For this calculation it was assumed that the area above the dab to the house is the same as
the area below the ducts to the ground. With the same U value for the dirt under the dlab
as for the crawlspace, and using U=4.7 W/m?C (0.8 Btu/hft**F) for 15 cm (six inches) of
concrete above the ducts: Fiegin =0.83

With insulation under the slab and the ducts in the dab (i.e. on the house side of the
insulation): Fyegin =0.90

10.5 Basements

This example calculation uses the same U vaue for the floor as for crawlspaces. Based on
comments in ASHRAE Handbook of Fundamentals, the U value for the basement walls
below grade is doubled. Above grade, the basement walls are 20 cm (eight inches) of
concrete with U=0.72 W/m’C (0.13 Btu/hft**F) . The floor of the house is uninsulated
plywood and the basement walls are above and half are below grade. Table 10 gives Fregin
for arange of insulation locations and basement ventilation rates.
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10.6 Exterior walls
It is assumed that the ducts are located such that the thermal resistance to outside is the
same as the thermal resistance to inside and Fein=0.5.

10.7 Belly Pans in manufactured houses:

Computer modeling (Cummings (1996)) showed regain averaging 62% for five Florida
houses, plus two additional housesin North Carolina. Thisisasimilar result to the above
regain for crawlspaces with uninsulated floors. For simplicity in this standard it is
assumed that the belly pan location is the same as a crawlspace.

10.8 Summary of default thermal regain factors
Default therma regain factors are summarized in Table 11. Thisisthe table used in 152P.

11 Summary

This paper has shown how the default values for forced air systems in proposed ASHRAE
standard 152P were determined. These defaults were based on field measurements, smple
heat transfer analyses, modeling, and analysis of weather data. An approximate ranking of
the importance of these parameters can be estimated from the sengitivity of the distribution
system efficiency calculated using the standard to each parameter. The following listisin
approximately decreasing order of importance:

local climate

system location

duct leakage

system fan flow

duct surface area

thermal regain

interactions with equipment (includes variable capacity effects)
cyclic losses

N~ WNE
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Table 1. Estimating differences between design and seasonal temper atur es using 2.5%

design values
L ocation Winter Dry Bulb, °C [°F] Summer dry bulb, °C [°F]
Design ™Y Difference  Design ™Y Difference
(97.5%) season avg. (2.5%) season avg.
LosAngees,  4[39] 12 [54] 8[14] 32[90] 21.7[71] 10.3[19]
CA.
Atlanta, GA.  -6[21] 4[39] 10 [18] 33[91] 24.4[76] 8.6 [15]
New York, -9[16] 0.5[33] 95[17] 32[90] 23.4[74] 8.6 [15]
NY
Average 9[16] 9[16]
Differences

Table2. Summary of Attic to Ambient Temperature Differences, °C [°F]

Source 1 Source 2 Source 3

Wil Poorly Wil Poorly Wil Poorly
vented vented vented vented vented vented

Cooling Design 12[22] 20[36] 12[22] 15[27] 9[16] 20 [36]
Cooling Seasondl 3[6] 6 [10] 12 [22] 17 [31] 7[13] 9[16]

Heating Design - - 5[9] 7[13] 6 [11] 7[13]
Heating Seasonal - - 0[Q] 1[2] 2[4] 2[4]

Table 3. Difference between outside and garage Temperatures, °C [°F]

Heating Cooling
Atlanta New York Los Atlanta New York Los
Angeles Angeles
Design 10[18] 9[16] 9[16] 2[4] 3[9] 4[7]
Seasonal 7[13] 7[13] 6 [11] 5[9] 4[7] 5[9]
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Table 4. Using aver age design conditions to estimate ground temperatures, °C [°F]

Location twinter,25%  tsummer. 25%  tiioter 2506 + teummer 2505 A\VErage outdoor air
: 5 : temperature

NOAA T™MY
Fairbanks, -44 [-47] 26 [159] -9[16] -3[27] -3.5[26]
Alaska
Phoenix, 1[34] 42 [108] 21.5[71] 21[7Q] 22 [72]
Arizona
Oakland, 2[36] 27 [81] 14.5 [58] 14 [57]
Cdifornia
Athens, Georgia -6 [21] 33[91] 13.5[56] 16 [61]
Boise, Idaho -12[10] 34 93] 11 [52] 11 [52] 11 [52]
Chicago, lllinois -17[1] 33[91] 8 [46] 9[48] 10 [50]
New Orleans, 1[34] 33[91] 17 [63] 20.5[69] 2068
Louisana
St Louis, -14 (7] 34 93] 10 [50] 13 [55] 13 [55]
Missouri
NY,NY -9[16] 31[88] 11 [52] 12 [54] 12 [54]
Bismark, N. -28 [-18] 33[91] 2.5([37] 5[41] 5[41]
Dakota
Dallas, Texas -6 [21] 38 [100] 16 [61] 19 [66]
Seattle, WA. -3[27] 28 [82] 12.5[55] 10 [50] 10 [50]

Table 5. Duct surface area significant parameters

Parameter Surface area dependence
Age of duct system NO
Equipment location NO
Register location NO
Duct system topology NO

Duct material type
Number of registers

Floor Area

Y ES - Flex duct systems have 50% more
normalized surface areathan sheet metal.

Y ES - Normalized duct area increases with
increasing number of registers

Y ES - bigger houses have bigger systems
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Table 6. Supply duct surface area coefficients

Option  Duct A B Average Absolute Number of houses
Type Error, AE in group
1 Flex 19 1.3 9 18
1 Sheet 9 1.6 7 27
metal
2 - 13 15 8.4 45
3 - 27 - 8.4 69

Table 7. Variable Capacity Equipment Effect in ASHRAE 152P

152P Furnaces AC HP HPin strip heat
parameter mode

DE hi cap hi cap hi cap Hi cap

design

DE low cap low cap low cap Low cap
seasond

Nais hi cap hi cap hi cap Hi cap

design

Naig Fyc =0.905+0.095DE F,. =082+018DE F,, =082+018DE F,. =044+056DE
seasond

Table 8. Attic thermal regain factors

Fregain Infiltration (ACH) Celling Duct Insulation
Insulation
0.06 1 R-30 R6
0.05 5 R-30 R6
0.04 10 R-30 R6
0.08 1 R-30 R4
0.06 5 R-30 R4
0.05 10 R-30 R4
0.11 1 R-15 R4
0.08 5 R-15 R4
0.06 10 R-15 R4
0.16* 1 R-15 R4
0.11* 5 R-15 R4
0.07* 10 R-15 R4

* - for the smaller attic with 1:5 pitched roof
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Table 9. Crawlspace regain factors

Fregain Infiltration rate (ACH) Insulation
0.63 0.1 None
0.60 1 None
0.5 5 None
0.41 10 None
0.36 0.1 R-15 house floor and crawlspace walls
0.30 1 R-15 house floor and crawlspace walls
0.17 5 R-15 house floor and crawlspace walls
0.11 10 R-15 house floor and crawlspace walls
0.18 0.1 R-15 house floor
0.16 1 R-15 house floor
0.12 5 R-15 house floor
0.08 10 R-15 house floor
Table 10. Regain Factorsfor basements
Fregain Ventilation Rate Insulation
[ACH]
0.55 0 Uninsulated
0.51 0.35 Uninsulated
0.78 0 R15 insulated basement walls
0.74 0.35 R15 insulated basement walls
0.32 0 R15 basement walls and house floor
0.27 0.35 R15 basement walls and house floor
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Table 11. 152P Thermal Regain Factors

L ocation Thermal Regain Factor [Fregin

Attic 0.10

Garage 0.05

Crawlspace, Unvented, Uninsulated 0.60

Crawlspace, Unvented, Insulated Building 0.30
Floor and crawlspace walls

Crawlspace, Unvented, Insulated Floor only 0.16

Crawlspace, Vented, Uninsulated 0.50

Crawlspace, Vented, Insulated Building 0.17
Floor and crawlspace walls

Crawlspace, Vented, Insulated Floor only 0.12

Under Slab 0.90

Uninsulated Basement 0.50

Insulated-Ceiling Basement 0.30

Insulated-Wall Basement 0.75

Exterior Walls 0.5
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